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BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

The invention relates to a drive unit com- 
posed of a movable part and a stationary part. 

5 DESCRIPTION OF THE PRIOR ART 

In recent years, a demand for a drive unit 
utilizing linear drive as typified by a linear motor 
has increased. The linear motor has advantages in 
capability of high speed and high accuracy positioning 

10 and easy maintenance as compared with a rotary motor in 
the field where the linear drive is needed and thus, 
has been extremely demanded particularly in the field 
of a semiconductor manufacturing apparatus, a working 
machine or the like. However, not limited to the 

15 fields, it is also expected that the linear motor will 
be used in other applications in which the above 
advantages can be made use of. 

There are various systems for the linear 
motor. For example, JP-A-10-174418 (referred below to 

20 as a conventional example 1) describes a linear motor 
in which a stationary part is composed of a plurality 
of C-type iron cores having a coil wound therearound, a 
movable part is composed of a plate-shaped member with 
a plurality of permanent magnets arranged thereon, and 



the movable part is disposed in a gap in the stationary 
part iron core. Further, JP-A-2001-28875 (referred 
below to as a conventional example 2) describes a 
linear motor in which only one coil is wound around a 
5 stationary part in order to achieve easy manufacturing 
and space saving and to improve electrical efficiency, 
and iron cores having two kinds of shapes are alter- 
nately arranged in the stationary part. 

BRIEF SUMMARY OF THE INVENTION 

10 In the case that the linear motors according 

to the above conventional examples are used in a 
working machine or the like, there has been a problem 
that load to be supported by a support mechanism is 
great for supporting a movable part so as to prevent 

15 the movable part from moving in a horizontal direction 
when stress is generated thereon in the horizontal 
direction, so that it is necessary to use a rigid 
member for the support mechanism. 

Accordingly, an object of the invention is to 

20 decrease stress generated in a horizontal direction on 
a movable part of a drive unit, and to enable a simple 
support mechanism to be used for the movable part. 

The invention is characterized in that a 
drive unit includes a primary side having a magnetic 

25 body around which a coil is wound, and a secondary side 
having a plurality of permanent magnets, an irregular 
magnetic plate or a conductor plate, wherein the 



primary side has a magnetic pole which has a step 
portion provided thereon. 

The secondary side is disposed between 
opposed magnetic poles of the primary side. The step 
5 portion may be provided on at least one of the opposed 
magnetic poles. The step portion may be a protrusion 
protruding from the magnetic pole toward the secondary 
side. Preferably, the width of the protrusion is 
smaller than that of the secondary side, so that the 
10 width of magnetic flux flowing between the opposed 
magnetic poles becomes narrow. By this feature, a 
force which returns the secondary side toward a 
reference position, namely a restoring force can be 
enhanced. 

15 A further feature of the invention is that a 

drive unit includes a first core having first opposed 
portions, a second core having second opposed portions, 
a primary side composed of the first core and the 
second core, around which primary side a coil is wound, 

20 and a secondary side disposed between the first opposed 
portions and between the second opposed portions, 
wherein the primary side has a step portion. 

A still further feature of the invention is 
that a drive unit includes a first core having first 

25 opposed portions, a second core having second opposed 
portions, a primary side composed of the first core a 
nd the second core, around which primary side a coil 
is wound, and a secondary side disposed between the 
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first opposed portions and between the second opposed 
portions, wherein a step portion is provided in at 
least one of the first opposed portions and the second 
opposed portions. 
5 Other objects, features and advantages of 

the invention will become apparent from the following 
description of the embodiments of the invention taken 
in conjunction with the accompanying drawings. 

In addition, other features of the invention 
10 will be also described in the claims of the invention. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

Figs. 1A and IB are views showing a construc- 
tion of a linear motor according to a comparative 
example ; 

15 Figs. 2A and 2B are views showing a construc- 

tion of an embodiment according to the invention; and 

Figs. 3A-3C are views for illustrating a 
principle that restoring force is produced in the" 
invention . 

20 DETAILED DESCRIPTION OF THE INVENTION 

Figs. 1A and IB show a linear motor according 
to a comparative example. Fig. 1A is a view generally 
showing the linear motor, and Fig. IB is a view showing 
flow of magnetic flux in the linear motor. In a 

25 movable part 6 corresponds to a secondary side of the 
linear motor, a plurality of permanent magnets 34 are 



arranged so that N poles and S poles are alternated. A 
stationary part 3, which corresponds to a primary side 
(a side having a magnetic body around which a coil is 
wound) of the linear motor, includes cores 51 and 52, 
5 and a coil 4 composed of a conductor. The first core 
51 includes first opposed portions 61, and the second 
core 52 includes second opposed portions 62. The cores 
51 and 52 are made of a magnetic body, and are disposed 
so that upper and lower magnetic poles are alternated. 

10 In the drawing, an upper magnetic pole tooth 11a and 
a lower magnetic pole tooth 21b of the core 51 are 
defined as the first opposed portions 61, and a lower 
magnetic pole tooth 12b and an upper magnetic pole 
tooth 22a of the core 52 are defined as the second 

15 opposed portions 62. Thus, the stationary part 3 is 
constructed such that a (2n - l)th core has the first 
opposed portions 61, and a (2n)th core has the second 
opposed portions 62 (where n = 1, 2, 3, •••) . A 
predetermined gap 8 is provided between the upper 

20 magnetic pole tooth and the lower magnetic pole tooth 
of each opposed portions of the cores 51 and 52, 
through which gap 8 the movable part 6 is extended, so 
that the movable part 6 is movably supported between 
the first opposed portions 61 and between the second 

25 opposed portions 62. When single-phase alternating 

current is made to flow through the coil 4 in accord- 
ance with a relative position between the movable part 
6 and the stationary part 3, magnetic fluxes pass 
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alternately in an upper direction and a lower direction 
in the gaps 8 between the upper and lower magnetic pole 
teeth of the respective opposed portions of the linear 
motor, that is, the directions of the magnetic fluxes 
5 flowing through the first opposed portions 61 and the 
second opposed portions 62 are opposed (arrows 47 
indicate the directions of the magnetic fluxes) . By 
the interaction of the magnetic fluxes flowing through 
the first opposed portions 61 and the second opposed 
10 portions 62 and the magnetic flux created by the 

permanent magnets 34, drive force caused by electro- 
magnetic force is generated in the movable part 6 
in a x-direction, so that the movable part 6 can be 
reciprocated. 

15 In the case that the linear motor according 

to the above comparative example is used for a working 
machine, there has been caused a problem that stress 
is generated in a y-direction of the movable part 6 due 
to shock or the like at the time of machining, which 

20 stress increase load applied on a support mechanism 
supporting the movable part 6 in the y-direction, so 
that the support mechanism must be manufactured to be 
rigid. 

First embodiment 
25 Fig. 2A is a perspective view showing a 

stationary part used in a first embodiment of the in- 
vention, and Fig. 2B is a cross sectional view showing 



a linear motor according to the first embodiment. The 
difference from the comparative example is that an 
upper magnetic pole tooth 11a and a lower magnetic pole 
tooth 21b of core 51 have step portions 31 and 32 on 
5 sides where a gap 8 is present. 

Figs. 3A and 3B are views illustrating an 
operation of the first embodiment, Fig. 3A showing a 
state in which a movable part 6 is located in a 
reference position. When the movable part 6 is driven 

10 so as to be displaced from the reference position 
toward a negative y-direction as shown in Fig. 3B, 
electromagnetic forces are generated on the movable 
part 6 in directions indicated by arrows 41 and 42. 
Accordingly, a force oriented (in a direction indicated 

15 by an arrow 45) to return the movable part 6 toward 

the reference position is generated in the y-direction. 
In other words, a restoring force acts on the movable 
part 6. In the case htat the movable part 6 is 
displaced from the reference position toward a positive 

20 y-direction as shown in Fig. 3C, a restoring force is 

also generated in a direction indicated by an arrow 46. 

Accordingly, since the restoring force 
acts on the movable part 6 when the movable part 6 is 
displaced in the y-direction, it is possible to reduce 

25 a load applied on the support mechanism for supporting 
the movable part 6 in the y-direction. Therefore, the 
support mechanism supporting the movable part 6 can be 
made simple. Further, since wear caused by friction 



between the movable part 6 and the support mechanism 
can be decreased, it is also possible to reduce labor 
required for maintenance such as replacement of parts 
and so on, and further to reduce cost for replaced 
5 parts expenses and so on. 

In the present embodiment, although both the 
upper magnetic pole tooth 11a and the lower magnetic 
pole tooth lib are provided with the step portions, 
the invention takes effect even when only the upper 

10 magnetic pole tooth 11a or only the lower magnetic pole 
tooth lib is provided with a step portion. However, it 
is preferable that both the upper magnetic pole tooth 
11a and the lower magnetic pole tooth lib have the step 
portions, since a larger restoring force acts on the 

15 movable part. In the case that the step portions have 
a larger width wl than the width w2 of the permanent 
magnet arranged in the movable part, there is produced 
a range in which little restoring force acts on the 
movable part 6. Accordingly, it is desired that the 

20 width wl of the step portion is substantially equal to 
or smaller than the width w2 of the permanent magnets. 
In the case of using an irregular magnetic plate 
(namely, a magnetic plate having an uneven surface) for 
the movable part 6 as described later, it is desired 

25 that the width wl of the step portion is smaller than 
the width of the magnetic plate. 

If the step portion has a small height HI, 
sufficient restoring force cannot be obtained even when 




the movable part 6 is displaced in the y-direction. 
Accordingly, it is desired that the height HI of the 
step portion is larger than a distance g of an air 
gap between the movable part 6 and the step portion. 
5 Meanwhile, when the height HI of the step portion 

becomes too large, the height Ht of the stationary part 
3 is increased, so that a frame of the linear motor 
becomes large. Accordingly, it is desired that the 
height HI of the step portion is smaller than the width 

10 w3 of the upper magnetic pole tooth 11a. 

While the step portion of the embodiment is 
substantially rectangular in shape, it may be substan- 
tially trapezoidal, or the like. 

Although the stationary part 3 is a primary 

15 side (a side having a core around which a coil is 

wound) and the movable part 6 is a secondary side in 
the present embodiment,, the invention is applicable to 
an arrangement in which the stationary part 3 is a 
secondary side and the movable part 6 is a primary 

20 side. In such arrangement, the movable part 6 will 
have step portions. 

In addition, the invention is not limited 
to the linear motor system according to the above 
embodiment, but applicable to, for example, a system 

25 in which a secondary side is a magnetic plate around 
which a coil is wound, an irregular magnetic plate (a 
reluctance motor) , a conductor plate (an induction 
motor) or the like. 
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According to the invention, it is possible, 
in a drive unit, to decrease stress generated in a 
movable part in a horizontal direction and to reduce a 
load applied on a support mechanism for the movable 
5 part. 

It should be further understood by those 
skilled in the art that although the foregoing descrip- 
tion has been made on embodiments of the invention, the 
invention is not limited thereto and various changes 
10 and modifications may be made without departing from 
the spirit of the invention and the scope of the 
appended claims. 



